and deformations. I use the term 'malformation' to describe defects that are likely to have arisen during the period of organogenesis, while 'deformation' is reserved for defects arising after the embryonic period that appear to be alterations in a previously normally formed part. Thus, while the former are essentially teratological embryopathies (Fig IA) , the latter are nonteratological feetopathies ( Fig 1B) . Some of the main characteristics and differences between these two groups are shown in Table 1 .
In my thesis (Dunn 1969 ) I reached the conclusions that quite gentle forces, if persistently applied, were capable of producing deformities; that such deformation occurred much more readily in the presence of growth; that the foetus (1969) was particularly vulnerable because of its extremely rapid rate of growth (approximately 50 times faster than in childhood) and because of its relative plasticity; that while prenatal deforming forces might on occasion be of intrinsic origin due to muscle imbalance, most foetuses were exposed to extrinsic forces in the later weeks of pregnancy because of their increasing size and the diminishing volume of amniotic fluid; and that, while some 2 % of newborn infants exhibited one or more musculoskeletal deformities such as talipes, congenital dislocation of the hips (CDH), postural scoliosis or sternomastoid torticollis, the great majority of these deformities either resolved spontaneously after birth or responded to early postural correction. During 1960 and 1961 personal clinical records were made on all 4754 infants born in the Birmingham Maternity Hospital (BMH) and correlated with data concerning the mothers' medical and pregnancy history and the infants' follow-up records. I examined 97% of these infants myself. Post-mortem examination was undertaken on 98% of infants dying during the perinatal period (Dr H G Kohler). In brief, 4486 (94.4 %) of the infants were normally formed, 170 (3.6%) were malformed (with or without additional deformities) and 98 (2.0 %) had simple postural deformities.
If the various postural deformities have a common mechanical origin, then one would anticipate finding a proportion of infants with multiple deformities. This was so in the BMH study; 151 distinct deformities were noted among the 98 infants, 33 % of whom had 2 or more deformities (P<0.001). The results of a statistical analysis of the BMH data (combined in some instances with additional data from a similar study made in South Warwickshire during 1962-3 involving 2002 infants, 40 of whom exhibited deformities) are shown in Table 2 . They demonstrate the highly significant clinical association between the main groups of postural deformities.
Among the 170 malformed infants were 13 (7.6%) that were also deformed (P<0.001). The associations between certain malformations and deformations are worth emphasi7ing: 11 % of the 54 infants with CNS malformations were deformed (P< 0.001); 28.6% of the 28 infants with spinal anomalies (including spina bifida) were deformed (P 0.001); likewise, 28.6% of the 21 infants with just spina bifida were deformed (P<<0.001); after excluding spina bifida, none of the remaining 33 infants with CNS malformations was deformed. Of the 15 infants with urinary tract malformations 26.7% were deformed (P<0.001).
While all 3 infants with bilateral renal anomalies were deformed, none of the 4 with unilateral renal anomalies had deformities (P=0.028); in an extended study (Dunn 1969 ) the significance of this finding was increased to P<0.001. While deformities associated with spinal anomalies were almost invariably confined to the lower limbs, those occurring in association with urinary tract malformation involved the upper half of the body as frequently as the lower half (P< 0.001). Infants with 4 or more deformities were more often found among those with urinary tract anomalies than among those with spinal malformations (P= 0.019). Only 1 (0.7%) of the 131 malformed infants without either spinal or urinary tract anomalies was also deformed (an infant with syndactyly) (P< 0.001).
The association between deformities and certain malformations can be readily explained within the Table 2 Statistical analysis of studies made during A, due to extrinsic pressure: severe maternal oligohydramnios and breech presentation; infant also haddeformities ofskull, andjaw and a left CDH; ntote characteristic pressure atrophy and dimpling over external malleoli. B, due to intrinsic pressure: maternalpolyhydramnios; infant had lumbar spina bifida; legspartiallyparalysed; note alsopatulous anus and absence ofskin changes over ankles mechanical theory. The legs of infants with spina bifida and other spinal anomalies may be partially paralysed and the resulting muscular imbalance may give rise to an intrinsic deforming force. In addition, paralysis of the lower limbs may deprive the foetus of its ability to kick and hence change its position in utero and alter the direction along which any potentially deforming extrinsic force may be acting. Certainly all prenatal circumstances that might be expected to impair or deprive the feetus of its ability to move in utero have, in my experience, a highly significant association with congenital deformation. Even normal infants are prone to deformation if their legs are folded or trapped in such a way as to make kicking difficult. The best examples of this are the cross-legged position (Fig 2A, B) and the breech presentation with extended legs (Fig 3A, B ) (Dunn 1969) . Further studies have also demon- Fig 3A, prenatal and strated the association of other less common congenital disorders of neuromuscular function with congenital deformation (including, as an extreme form, arthrogryposis multiplex congenita). Another prenatal circumstance which will tend to prevent the foetus from moving and at the same time expose it to extrinsic pressure is oligohydramnios. There can be no doubt that this is the main cause of the generalized com-738 Proc. roy. Soc. Med. Volume 65 Auigust.1972 14 pression of infants with bilateral renal anomalies-; for oligohydramnios is the rule rather than the exception in such cases. Among the multiple deformities found in such infants are congenital dislocation of the hip in approximately 60% of cases (Dunn 1971a ) and a characteristic form of compression facies, first described by Potter (1946) , in 100%. 'Potter's syndrome' originally described the association of this facies and other limb deformities with bilateral renal agenesis but, in fact, similar signs of prenatal compression are found with bilateral renal hypoplasia and multicystic kidneys as well as with urethral atresia and urethral valves (Dunn 1969). Maternal oligohydramnios may also arise as a result of premature rupture of the membranes (PRM) with continued drainage of amniotic fluid, often for several weeks before delivery. In the BMH study, 11 infants were born to mothers with PRM; while none was malformed, 10 were deformed (P<<0.00l). Among the 23 deformities shared among them were 5 examples of Potter's facies, 6 of CDH and 4 of talipes. These and further cases have been discussed elsewhere (Dunn 1971b ). Similar observations have been reported by Bain et al. (1964) .
If oligohydramnios favours deformation, polyhydramnios should protect the foetus from extrinsic pressure. In the BMH study, 103 infants were born to mothers considered to have an excess of amniotic fluid; 71 were normally formed and 32 were malformed. No infant was deformed except one with lumbar spina bifida ( Fig 2B) (Dunn 1969) . Indeed, in twelve years' study I
have not yet seen a deformed (non-malformed) singleton born to a woman with hydramnios. I have touched on the four main prenatal factors influencing the incidence of congenital deformationpressure, whether extrinsic or intrinsic in origin, feetal plasticity including hormonal joint laxity, foetal mobility and the rate of feetal growth. All these factors are, of course, themselves directly or indirectly under the influence of heredity and are involved in a dynamic interplay throughout foetal life. Nature plays her hand to the limit. The price we pay for a larger and more mature infant at birth, better able to withstand the stresses of extrauterine life, is a 2 % incidence of congenital postural deformities. Perhaps we ought rather to marvel at the fact that 98 % of infants are not deformed at birth and that 90% of those that are will correct themselves spontaneously after birth; with early postural assistance this last figure may be brought near to 100%.
